
Development and applications of GeoChip 3.0 for analysis of microbial community 
structures, compositions, and potential functions  
 
Z. He1,2, Y. Deng1,2, J. D. Van Nostrand1,2, L. Wu1,2, C. L. Hemme1,2, T. J. Gentry3, J. Liebich4, 
Q. Tu1, A. P. Arkin5,2, T. C. Hazen5,2, J. Zhou1,2;  
1The Univ. of Oklahoma, Norman, OK, 2Virtual Inst. for Microbial Stress and Survival, 
Http://vimss.lbl.gov, CA, 3Texas A&M Univ., College Station, TX, 4Forschungszentrum Jülich 
GmbH, Jülich, GERMANY, 5Lawrence Berkeley Natl. Lab., Berkeley, CA 
 
Acknowledgment 
This work was part of the Virtual Institute for Microbial Stress and Survival 
(http://VIMSS.lbl.gov) supported by the U. S. Department of Energy, Office of Science, Office 
of Biological and Environmental Research, Genomics Program:GTL through contractDE-AC02-
05CH11231 between Lawrence Berkeley National Laboratory and the U. S. Department of 
Energy. 
 
Abstract: Functional gene arrays (FGAs), or GeoChip constructed with key genes involved in 
various biological and geochemical processes have been widely used to analyze microbial 
communities. Based on GeoChip 2.0, a new generation of GeoChip (GeoChip 3.0) has been 
developed. GeoChip 3.0 has several new features in terms of coverage, design, and data analysis. 
GeoChip 3.0 covers approximately 50,000 gene sequences for 306 gene families, and especially 
functional genes involved in antibiotic resistance and energy metabolism, and phylogenic marker 
GyrB have been added, which allows us to obtain more information about microbial 
communities and analyze more diverse environmental samples. For probe design, sequence-
specific, exclusive group-specific, inclusive group-specific, and quasi-group probes with 
different specificities were selected, and all those probes together greatly increase the gene 
coverage. For data analysis, three strategies have been implemented. First, a universal standard 
has been implemented so that data normalization and comparison of samples from different sites, 
time points, or laboratories can be conducted. Second, a genomic standard is used to 
quantitatively analyze gene abundance. Third, a software package (including databases) has been 
developed for sequence retrieval, probe design, information storage, and especially, data analysis 
and automatic update, which greatly facilitate the management and analysis of complicated 
GeoChip data sets. GeoChip 3.0 has been used for analyses of responses of microbial 
communities to elevated CO2 and increased temperature. The results showed that autotrophic 
CO2 and N2 fixation by microorganisms increased significantly in response to elevated CO2. 
This also demonstrates that GeoChip can provide insights into biogeochemical processes and 
functional activities of microbial communities important to human health, agriculture, energy, 
global climate change, ecosystem management, and environmental cleanup and restoration. It is 
also particularly useful for providing direct linkages of microbial genes/populations to ecosystem 
processes and functions.  
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